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my debt  to h is  th ink ing and was st imulated by
both of  h is  books par t icu lar ly  by the f ront isp ieces
i l lust rat ing nest l ing d iet .
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8 .  S U M M A R Y
1) Six seasons of  f ie ld work on the Dutch is land
Schiermonnikoog were devoted to test ing the hy-
pothesis  that  parent  Star l ings conform to the
pr inc ip le of  ca lor ic  maximizat ion in  thei r  choice
of  prey and hunt ing s i te  as would be predicted by
the pro i i tab i l i ty  concept  in t roduced by Royama,
2)  The study is  based on d i rect  observat ions of
in take rate of  the Star l ings coupled wi th auto-
mat ic  photographic records of  prey del ivered to
the nest  (F ig.  7) .  The lat ter  a l low subsequent
measurement  of  prey length and hence est imate
of  weight  o l  the prey.  Since the parents were in-
d iv idual ly  co lour-marked,  deta i led t ime-budget
observat ions were possib le (F ig.  5)  and in the
f inal  season search paths and prey captures were
measu red synchronously.
3 )  The  menu  o f  t he  nes t l i ng  S ta r l i ngs  i s  domi -
nated by only a few species in  a l l  years,  These
were col lected f rom the pasture land surrounding
the colony ("polder")  or  f rom the adjo in ing sal t -
marsh (F ig.  l0) .  The chief  prey col lected f rom
the polder is the Leatherjacket Tipula paludosa,
whereas the sal tmarsh provides the caterp i l lar
Ceraptery,r graminis, the beetle Telephorus fuscus
and in some years other  important  prey (Table 4) .
4)  Ai ter  each feeding the parent  Star l ing must
dec ide  wh ich  p rey  t o  co l l ec t  nex t  and  s ince
Tipula and Cerapteryx occur in quite distinct hab-
i ta ts ,  i t  is  possib le for  the observer  to quant i fy  pa-
ren ta l  cho i ce  i n  t h i s  pa r t i cu la r  d i cho tomy .  I n  t he
course of  the day the t ime requi red to col lect  one
prey var ies in  a character is t ic  fashion,  showing a
c lear  mid-day peak in  apparent  avai labi l i ty  of  the
Leather jacket  (F ig.  l3)  but  the rate of  del ivery of
prey to the nest  does not  fo l low these t rends (F ig.
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l2) .  The governing in f luence of  nest l ing hunger
revealed by manipulat ions of  the nest l ings (see
point  5)  helps to expla in these d iscrepancies par-
t icu lar ly  as nest l ing hunger s tate has an obvious
and deep-seated re lat ion to t ime of  day.
5) Time required to collect one Cerapteryx lrom
the sal tmarsh is  far  in  excess of  t ime needed for
one Tipula from the nearby polder, and from the
viewpoint  of  ca lor ic  return on t ime or  energy ex-
pended by the parent it is not clear why Cerap-
teryx is brought at all. Field experiments on
choice (e i ther  wi th prey fu l ly  v is ib le,  Table 6,  or
wi th prey concealed under f laps in  feeding tables,
Fig. l8)  conf i rm the preference of  the parent
Starling for Cerapteryx. Apparently other criteria
have priority, and manipulation of the state of
hunger of  the brood provide a st rong case that
the quality of the prey (i.e. nutrient composition)
is the reason for including Cerapteryx in the diet.
When the level  of  nest l ing demand is  not  too
high,  the parents pers is t  in  col lect ing caterp i l lars,
but  when demand is  h igh (nest l ings depr ived
and/or  supernormal  broods,  see Figs.  19,20,21)
parents rever t  to  the easier- to-col lect  Leather-
j acke t . ' The re  i s  some  ev idence  (F ig .  23 )  t ha t
Leather jackets are detr imenta l  to  the heal th of
the nest l ings i f  led in  large quant i t ies over  long
per iods of  t ime,  so we are deal ing here wi th a
compromise s i tuat ion.  An indi rect  assessment  of
parenta l  d iet  (F ig.  22)  shows that  the female
parent  reduces her  own caterp i l lar  consumpt ion
when st ressed by the large broods,  she then de-
l ivers a l l  caterp i l lars captured to the young at  the
cost  of  a pure Leather jacket  d iet  for  hersel f  to
ensure them of  a var ied d iet .
6)  Having decided which prey to col lect ,  the
next  decis ion fac ing the parent  Star l ing is  where
to land.  This problem is  considered for  the
Leather jacket  area where deta i led observat ion of
landing s i tes and subsequent  search paths were
col lected us ing an opt ica l  rangef inder  (F ig.  25) .
The main body of  data refer  to  hunt ing by one
female Star l ing on seven consecut ive days in  the
1979 season (Fig.  27) .  Summat ion of  search path
measurements in  th is  per iod (F ig.  28)  reveal  a
concentrat ion of  hunt ing in  three explo i tat ion
centres,  which can be contrasted wi th three mar-
g inal  zones.  Di rect  observat ion showed that  the
bi rd spent  most  of  i ts  t ime in the areas y ie ld ing
the h ighest  in take rates (F ig.  29)  and an extensive
sampl ing programme indicated that  these co-
inc ide wi th the areas wi th h ighest  prey densi ty ,
a l lowing the conclus ion that  the threshold for  ex-
p lo i ta t ion at  th is  t ime was about  70 Leather jack-
ets/m'?(Fig.  29 top) .  By mount ing a feeding table
near one nest  and measur ing usage by the local
male (F ig.  30)  in  re lat ion to reward rate (manip-
u lated by the observer)  the causal  l ink between
intake rate and s i te  choice was ver i f ied.
7)  The h is tory of  explo i ta t ion of  Leather jackets,
par t icu lar ly  the pat tern of  landings in  t ime,
st rongly argues for  the use of  topographic
memory.  Analys is  of  landings in  re lat ion to the
previous take-of f  point ,  depending on whether  a
high or  a low intake rate had been exper ienced
there,  showed that  landings tended to be c lose i f
in take had been h igh,  and far ther  away i l  pre-
v ious in take had been low (Fig.  32) .  This  negat ive
corre lat ion between landing d is tance and pr ior
in take rate pers is ts  even on the f inest  scale
achieved (Fig.  33,  data grouped in meter  c lasses) .
That  th is  f ine-scale topographic memory may be
overru led in  some s i tuat ions is  apparent  when
swi tches to other  prey habi tats  in tervene (Fig.
35) .  Use of  topographic cues on a meter  by meter
scale,  impl ies at  the very least ,  a  c lumping in prey
dist r ibut ion,  a pat tern which has been ver i f ied by
absolute sampl ing at  the smal lest  p lot -s ize con-
s idered (25 cm'?,  see Table I  l ) .
8)  Is  the threshold in take rate for  Leather jacket
explo i tat ion d iscovered for  the indiv idual  Star l ing
observed in 1979 a lways the same? By consid-
er ing v is i ts  to  400 m2 plots in  the Leather jacket
gr id in  re lat ion to d i rect ly  observed intake rates
(Fig.  36)  thresholds were found to vary f rom year
to year .  The s implest  cr i ter ion for  the indiv idual
b i rd is  to  re ly  on i ts  accumulated exper ience on
intake rates,  and set  the threshold equal  to  the
mean lor  that  per iod (F ig.  37) .  Laboratory tests
conf i rm the adjustabi l i ty  o l  the re ject ion
th resho ld  (F ig .  38 ) .
9)  The s implest  form of  foraging t r ip  consists  of  a
f l ight  out ,  co l lect ion of  prey at  the hunt ing s i te ,
and f l ight  back to the nest  wi th prey.  Depending
on the roundtr ip  f l ight  t ime as wel l  as the cumu-
lat ive in take,  Charnov & Or ians '  model  (F ig.  a0)
can  be  used  to  p red i c t  t he  op t ima l  l oads i ze ,  i . e .
how many prey should the Star l ing col lect  for  i ts
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nest l ings in  one t r ip .  Since the f i t  to  the empir ica l
data is  a reasonable one (Figs.  4 l  and 42)  fur ther
analys is  of  the mechanisms the parent  re l ies on in
decid ing on load s ize should be undertaken.
10)  Does the parent  Star l ing deplete the prey
stock to such an extent  that  i ts  in take rate sul fers.
hence leading to abandonment of  the s i te? Our
best  data on the shor t - term inf luence of  prey re-
moval  on subsequent  hunt ing success resul ts
f rom exper iments wi th smal l  enclosures on the
Leather jacket  gr id  where two capt ive b i rds were
int roduced,  one af te r  the other .  The second b i rd
always suf fers a depressed intake rate (F ig.  47) ,
an ef fect  much st ronger than can be expla ined by
the absolute number of  prey removed by the f i rs t
b i rd.  The most  l ike ly  explanat ion for  th is  is  that
the prey are d i f ferent ia l ly  avai lable for  capture.
This f ind ing leads one to expect  that  b i rds wi l l
tend to abandon a s i te  af ter  only  a smal l  pro-
por t ion of  the prey stock has been removed,
s ince even at  modest  levels  of  deplet ion in take
rate wi l l  decl ine sharply .  The 7-day Leather-
jacket  explo i ta t ion cyc le watched in deta i l  y ie lds
the est imate,  that  only  twenty percent  of  the prey
were re lnoved f rom the best  areas by a l l  the Star-
l ings together  (F ig.  45) .  I t  io l lows that  prey sam-
pl ing a lone,  even though complete ly  accurate ,  is
inadequate to predict  impact  and/or  potent ia l
in take rate of  the predator .  The problem oi  d i f -
ferent ia l  avai labi l i ty  and the re lated phenomenon
o l  dep le t i ng  t he  ca tchab le  l r ac t i on ,  i . e .  c reaming -
of f  the prey,  is  an unwelcome real i ty  that  must  be
laced in any f ie ld s tudy,
I I )  l n  t he  f i na l  syn thes i s ,  i t i s  a rgued  tha t  two
lacets f rom the Star l ing rvork deserve incorpo-
rat ion in  general  foraging the ory.  Discont inui t ies
in  t he  d i s t r i bu t i on  o f  t he  p rey  canno t  be  ad -
equa te l y  desc r i bed  by  emp loy ing  a  one - l ev ' e l
concep t  o f  pa t ch .  I ns tead ,  i t  i s  a rgued  tha t
patches ex is t  at  two levels (F ig.  50) :  At  one level
m ic ro -pa tches  can  be  d i s t i ngu i shed ;  t hese  a re  t he
ind i v i s i b l e  un i t s  o f  p rey  d i s t r i bu t i on  cha rac -
te r i zed  by  MacAr thu r ' s  repea tab i l i t y  concep t
w i th in  wh i ch  p re l '  encoun te r  i s  randomi  due  to
these features and thei r  very smal l  scale,  explo i -
t a t i on  i s  sho r t - t e rm .  A t  t he  o the r  l eve l  we  have
the  mac ro -pa tch .  Th i s  cons i s t s  o l  a  c l us te r  o f
m ic ro -pa tches  and  p rey  d i s t r i bu t i on  i s  o f  l ou '  r e -
pea tab i l i t y  o r  even  un ique :  t he  b i rd  exp lo i t s  t hese
centres by re ly ing on long term spat ia l  memory.
I t  is  at  th is  level  that  in take rate has decis ive in-
f ' luence,  Al though i t  can be argued that  the
habi tat  characters causing d iscont inui t ies in  prey
dist r ibut ion do in  fact  form a cont inuum we
preler  to  d is t inguish two d iscrete levels  of  organi-
zat ion because we feel  these are ent i t ies in  the
decis ion st ructure o l  the predator .
12)  The second facet  deemed widely appl icable
is  the hypothesis  that  the decis ion on prey species
p recedes  the  dec i s i on  on  where  to  go  (F ig .  52 ) .
We argue that  current  prof i tab i l i ty  theory of fers
a reasonable basis  for  in terpret ing the decis ions
governing choice of  s i te  wi th in one prey species,
but  we wish to emphasize that  the decis ion on
which prey species to col lect  next  is  of  a h igher
order  in  the h ierarchy of  decis ions:  in  the nest l ing
si tuat ion th is  is  in f luenced by the compromise be-
tween the physio logical  demands of  the brood
and the foraging l imi ts  of  the parent .  A l though
we do not  yet  understand how these l imi ts  are
set ,  both a l imi t  on hunt ing t ime as wel l  as energy
expended are l iab le to be involved.  Athough
there is  concrete ev idence for  the ex is tence of
the f ine-scale spat ia l  level  in  the decis ion h ier-
archy ( level  I I I  corresponding wi th the macro-
patch)  we have inser ted an undel ined abstract ion
at  the level  of  a conglomerat ion of  macro-
pa tches  ( "a rea " )  t o  cove r  t he  poss ib i l i t y  t ha t
t he re  i s  some  gene ra l i za t i on  ( f o r  examp le  i n
" remember ing "  i n take  ra tes )  above  l eve l  l l l .
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